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1

EXTENDED CAVITY VCSEL MOUNTED TO
SUBSTRATE WITH ELECTRICAL AND
THERMAL CONTACT TO SUBSTRATE AND

OPTICAL POWER DIRECTED TOWARD
SUBSTRATE

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 61/363,128, filed on Jul. 9, 2010, and which
1s herein incorporated by reference.

BACKGROUND

The heart of a computer 1s a magnetic disk drive which
typically includes a rotating magnetic disk, a slider that has
read and write heads, a suspension arm above the rotating disk
and an actuator arm that swings the suspension arm to place
the read and/or write heads over selected circular tracks on the
rotating disk. The suspension arm biases the slider into con-
tact with the surface of the disk when the disk 1s not rotating,
but, when the disk rotates, air 1s swirled by the rotating disk
adjacent an air bearing surface (ABS) of the slider causing the
slider to ride on an air bearing a slight distance from the
surface of the rotating disk. When the slider rides on the air
bearing the write and read heads are employed for writing
magnetic impressions to and reading magnetic signal fields
from the rotating disk. The read and write heads are connected
to processing circuitry that operates according to a computer
program to implement the writing and reading functions.

The ongoing quest for higher storage bit densities 1n mag-
netic media used 1n disk drives have reduced the size (vol-
ume) of data cells to the point where the cell dimensions are
limited by the grain size of the magnetic material. Although
grain size can be reduced further, there 1s concern that data
stored within the cells 1s no longer thermally stable, as ran-
dom thermal fluctuations at ambient temperatures are suili-
cient to erase data. This state 1s described as the superpara-
magnetic limit, which determines the maximum theoretical
storage density for a given magnetic media. This limit may be
raised by increasing the coercivity of the magnetic media or
lowering the temperature. Lowering the temperature 1s not a
practical option when designing hard disk drives for commer-
cial and consumer use. Raising the coercivity 1s a practical
solution, but requires write heads employing higher magnetic
moment materials, or techniques such as perpendicular
recording (or both).

One additional solution has been proposed, which employs
heat to lower the eflective coercivity of a localized region on
the magnetic media surface and writes data within this heated
region. The data state becomes “fixed” upon cooling the
media to ambient temperatures. This technique 1s broadly
referred to as “thermally assisted (magnetic) recording”, TAR
or TAMR. It can be applied to both longitudinal or perpen-
dicular recording systems, although the highest density state
ol the art storage systems are more likely to be perpendicular
recording systems. Heating of the media surface has been
accomplished by a number of techniques such as focused
laser beams or near field optical sources.

U.S. Pat. No. 6,999,384 to Stancil et al., which 1s herein
incorporated by reference, discloses near field heating of a
magnetic medium.

Unfortunately, there are several disadvantages to known
laser-based systems. For example, as shown in FIG. 21, taken
from U.S. Pat. No. 6,778,582 which 1s herein incorporated by
reference for its disclosure of the principles of laser construc-
tion and operation, a VCSEL (vertical cavity surface emitting,
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laser), which as shown 1s a three mirror VCSEL where the
third mirror 1s on the backside of the water. This means that
the thickness of the semiconductor waler (such as GaAs
based material) forms an external cavity for the VCSEL. The
external cavity allows for higher single mode power than can
be reached with a typical VCSEL without the external cavity
and third mirror. In such prior art designs, the light 1s emaitted
from the top, away from the mount. The top mirror 1s partially
reflective and there 1s an annular contact to the top side. The
substrate 1s doped to allow current to tlow from the top contact
to the active region. The intermediate mirror, active region,
oxide aperture, and highly-reflective bottom mirror are fab-
ricated on the GaAs substrate. The mount provides for the
other contact. Because the light 1s emitted from the top of the
laser, device placement 1s severely limited. Moreover, the
opposing position of the contacts makes creating the electri-
cal connections onerous.

An implementation of such a laser 1s shown 1n FIG. 22,

taken from U.S. Patent Appl. Pub. No. 2008/0002298. As
shown 1n FIG. 22, the VCSEL 1s mounted to a separate sub-
strate, which 1s then mounted to bonding pads on the trailing

edge of a slider. The heat-sinking and electrical connection of
the VCSEL 1s to the side opposite the light emitting side of the
laser, then to the mounting substrate, and then to the bonding
pads of the separate substrate. Light from the VCSEL 1s
directed to a split grating coupler fabricated on the slider. The
grating couples light into a 2D solid immersion mirror. The
polarization of the light leaving the laser 1s 1n the cross track
direction. Light 1s delivered by the solid immersion mirror to
a lollipop antenna at the air-bearing surface for thermally
assisted recording. One disadvantage of this approach 1s that
conventional VCSELSs do not have suificient output power for
TAR, thereby apparently rendering the system shown in FIG.
22 moperable. For example VCSELSs typically have a maxi-
mum power output of 5 mW. TAR requires output power
much higher than 5 mW. 50 mW or higher may be needed for
TAR. Another disadvantage 1s the need for a separate mount-
ing substrate. Finally, the output beam from a conventional
VCSEL 1s very small which makes alignment to the grating
more difficult. The spacing between the VCSEL and the grat-
ing exacerbates the alignment problem.

What 1s needed 1s a way to further improve TAR systems.

SUMMARY

A system according to one embodiment includes a slider
adapted for use 1 a hard disk drive; and a laser coupled to a
slider, wherein electrical contacts of the laser are positioned
towards or face the slider, wherein light from the laser 1s
emitted towards the slider, wherein the slider acts as a heat
sink for the laser.

A system according to another embodiment includes a
slider; a magnetic head coupled to the slider; a laser coupled
to a shider; amagnetic medium; a thin film waveguide coupled
to the slider for directing the light from the laser to an element
coupled to the slider, the element being for heating the mag-
netic medium; a drive mechanism for passing the magnetic
medium over the magnetic head; and a controller electrically
coupled to the magnetic head for controlling operation of the
magnetic head, wherein electrical contacts of the laser are

positioned towards or face the slider, wherein light from the
laser 1s emitted towards the slider, wherein the slider acts as a
heat sink for the laser.

Any of these embodiments may be implemented 1n a mag-
netic data storage system such as a disk drive system, which
may include a magnetic head, a drive mechanism for passing
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a magnetic medium (e.g., hard disk) over the magnetic head,
and a controller electrically coupled to the magnetic head.
Other aspects and advantages of the present invention will
become apparent from the following detailed description,
which, when taken 1n conjunction with the drawings, 1llus-
trate by way of example the principles of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and advantages of
the present invention, as well as the preferred mode of use,
reference should be made to the following detailed descrip-
tion read 1n conjunction with the accompanying drawings.

FI1G. 1 1s a simplified drawing of a magnetic recording disk
drive system.

FIG. 2A 1s a schematic representation in section of a
recording medium utilizing a longitudinal recording format.

FIG. 2B 1s a schematic representation of a conventional
magnetic recording head and recording medium combination
tor longitudinal recording as 1n FIG. 2A.

FIG. 2C 1s a magnetic recording medium utilizing a per-
pendicular recording format.

FIG. 2D 1s a schematic representation of a recording head
and recording medium combination for perpendicular record-
ing on one side.

FIG. 2E 1s a schematic representation of a recording appa-
ratus adapted for recording separately on both sides of the
medium.

FI1G. 3 A 1s a cross-sectional view of one particular embodi-
ment of a perpendicular magnetic head with helical coils.

FI1G. 3B 1s a cross-sectional view of one particular embodi-
ment of a piggyback magnetic head with helical coils.

FI1G. 4 A 1s a cross-sectional view of one particular embodi-
ment of a perpendicular magnetic head with looped coils.

FI1G. 4B 1s a cross-sectional view of one particular embodi-
ment of a piggyback magnetic head with looped coils.

FIG. 5 15 a cross sectional view of a monolithic extended
cavity VCSEL mounted to a substrate according to one
embodiment.

FIG. 6A-6D are depictions of results according to one
embodiment and a comparative example.

FI1G. 7 1s a cross sectional view of a monolithic EC-VCSEL
mounted to a trailing end of a slider according to one embodi-
ment.

FIG. 8 15 a side view of a laser according to one embodi-
ment.

FIG. 9 1s a perspective view of a laser mounted to the
trailing end of a slider.

FIG. 10 1s a perspective view of a laser mounted to a
submount that 1s mounted to the trailing end of a slider.

FIG. 11 1s a chart depicting results of modeling according,
to various embodiments.

FIG. 12 1s a chart depicting results of modeling according,
to various embodiments.

FIG. 13 1s a chart depicting results of modeling according,
to various embodiments.

FIGS. 14A and 14B are charts depicting results of model-
ing according to various embodiments.

FIGS. 15A and 15B are charts depicting results of model-
ing according to one embodiment.

FIG. 16 1s a depiction of a GaAs piece coupled to a slider.

FI1G. 17 1s a detail of the structure shown 1n FIG. 16.

FI1G. 18 1s a side view of a slider according to one embodi-
ment.

FI1G. 19 1s a side view of a slider according to one embodi-
ment.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 20 1s a side view of a slider according to one embodi-
ment.

FIG. 21 1s a cross sectional view of a prior art system.

FIG. 22 1s a cross sectional view of a prior art system.
FIGS. 23A and 23B 1llustrate a head usable for thermally
assisted recording, according to one embodiment.

DETAILED DESCRIPTION

The following description 1s made for the purpose of 1llus-
trating the general principles of the present imnvention and 1s
not meant to limit the inventive concepts claimed herein.
Further, particular features described herein can be used 1n
combination with other described features 1in each of the
various possible combinations and permutations.

Unless otherwise specifically defined herein, all terms are
to be given their broadest possible interpretation including
meanings implied from the specification as well as meanings
understood by those skilled in the art and/or as defined in
dictionaries, treatises, etc.

It must also be noted that, as used 1n the specification and
the appended claims, the singular forms “a,” “an’ and “the”
include plural referents unless otherwise specified.

The term “about” 1s meant to refer to the disclosed
valuex10% of the value, e.g., “about X means “X+10% of
X

The following description discloses several preferred
embodiments of a laser design, systems incorporating the
laser such as magnetic storage systems and other devices, as
well as operation and/or component parts thereof.

In one embodiment, a laser such as a monolithic VCSEL or
monolithic extended cavity VCSEL (EC-VCSEL, also
referred to mterchangeably herein as VECSEL) 1s disclosed
which 1s adapted to mount to a substrate. The laser has both
clectrical contacts on the same side of the device. Thermal
heat-sinking 1s provided by the substrate. Furthermore, opti-
cal power 1s directed toward the substrate.

In another 1llustrative embodiment, a laser such as a mono-
lithic VCSEL or monolithic extended cavity VCSEL 1s
mounted directly to the trailing surface of a slider for ther-
mally assisted recording light delivery. The laser 1s designed
so that all electrical contacts are made to mating contacts on
the shider deposited end. The contacts provide electrical,
mechanical, and thermal connections. The contacts can be
made by low temperature solder. The contacts include an
n-contact and p-contact. One or more of the contacts may be
generally annular 1n shape (e.g., closed loop such as an O
shape, square shape, rectangular shape, oval, etc.; open loop
such as a C shape, U shape, etc.) to keep the temperature
profile inside the laser axially symmetrical. The contacts may
be designed to maximize the thermal heat-sinking to the
slider body by using large copper studs with a large surface
area and thin gap between the studs and slider ceramic body.
The low temperature solder may be reflowed by laser pulse
annealing. The contact shape 1s designed to change with
depth to provide for convenient connections to the head sus-
pension electrical contacts.

In yet another embodiment, a laser such as a monolithic
VCSEL or monolithic extended cavity VCSEL 1s mounted
directly to the trailing surface of a slider for thermally assisted
recording light delivery. The laser 1s designed so that all
clectrical contacts may be made to mating contacts on the
slider deposited end. The contacts provide electrical,
mechanical, and thermal connections. The contacts can be
made, e.g., by low temperature solder 1n some approaches.
The contacts include an n-contact and p-contact. In preferred
approaches, the contacts are designed to maximize the ther-
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mal heat-sinking to the slider body by using large metal studs
with a large surface area and a thin gap between the studs and
slider body. The low temperature solder may be reflowed by
any known method. The contact shape may be designed to
change with depth to provide for convenient connections to
the head suspension electrical contacts.

A system according to one embodiment includes a shider
adapted for use 1n a hard disk drive; and a laser coupled to a
slider, wherein electrical contacts of the laser are positioned
towards or face the slider, wherein light from the laser 1s
emitted towards the slider, wherein the slider acts as a heat
sink for the laser.

A system according to another embodiment includes a
slider; a magnetic head coupled to the slider; a laser coupled
to a shider; amagnetic medium; a thin film waveguide coupled
to the slider for directing the light from the laser to an element
coupled to the slider, the element being for heating the mag-
netic medium; a drive mechanism for passing the magnetic
medium over the magnetic head; and a controller electrically
coupled to the magnetic head for controlling operation of the
magnetic head, wherein electrical contacts of the laser are
positioned towards or face the slider, wherein light from the
laser 1s emitted towards the slider, wherein the slider acts as a
heat sink for the laser.

Any of these embodiments may be implemented in a mag-
netic data storage system such as a disk drive system, which
may include a magnetic head, a drive mechanism for passing,
a magnetic medium (e.g., hard disk) over the magnetic head,
and a controller electrically coupled to the magnetic head.

Referring now to FIG. 1, there 1s shown a disk drive 100 1n
accordance with one embodiment of the present invention. As
shown 1n FIG. 1, at least one rotatable magnetic disk 112 1s
supported on a spindle 114 and rotated by a disk drive motor
118. The magnetic recording on each disk 1s typically in the
form of an annular pattern of concentric data tracks (not
shown) on the disk 112.

At least one slider 113 1s positioned near the disk 112, each
slider 113 supporting one or more magnetic read/write heads
121. As the disk rotates, slider 113 1s moved radially in and
out over disk surface 122 so that heads 121 may access
different tracks of the disk where desired data are recorded
and/or to be written. Each slider 113 1s attached to an actuator
arm 119 by means of a suspension 115. The suspension 115
provides a slight spring force which biases slider 113 against
the disk surface 122. Each actuator arm 119 1s attached to an
actuator 127. The actuator 127 as shown 1n FIG. 1 may be a
voice coll motor (VCM). The VCM comprises a coil movable
within a fixed magnetic field, the direction and speed of the
coill movements being controlled by the motor current signals
supplied by controller 129.

During operation of the disk storage system, the rotation of
disk 112 generates an air bearing between slider 113 and disk
surface 122 which exerts an upward force or lift on the slider.
The air bearing thus counter-balances the slight spring force
of suspension 115 and supports slider 113 off and slightly
above the disk surface by a small, substantially constant spac-
ing during normal operation. Note that 1n some embodiments,
the slider 113 may slide along the disk surface 122.

The various components of the disk storage system are
controlled in operation by control signals generated by con-
trol unit 129, such as access control signals and internal clock
signals. Typically, control unit 129 comprises logic control
circuits, storage (e.g., memory), and a microprocessor. The
control unit 129 generates control signals to control various
system operations such as drive motor control signals on line
123 and head position and seek control signals on line 128.
The control signals on line 128 provide the desired current
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proflles to optimally move and position slider 113 to the
desired data track on disk 112. Read and write signals are
communicated to and from read/write heads 121 by way of
recording channel 125.

The above description of a typical magnetic disk storage
system, and the accompanying 1illustration of FIG. 1 1s for
representation purposes only. It should be apparent that disk
storage systems may contain a large number of disks and
actuators, and each actuator may support a number of sliders.

An mterface may also be provided for communication
between the disk drive and a host (integral or external ) to send
and recerve the data and for controlling the operation of the
disk drive and communicating the status of the disk drive to
the host, all as will be understood by those of skill in the art.

In a typical head, an inductive write head includes a coil
layer embedded 1n one or more insulation layers (insulation
stack), the msulation stack being located between first and
second pole piece layers. A gap 1s formed between the first
and second pole piece layers by a gap layer at an air bearing
surface (ABS) ofthe write head. The pole piece layers may be
connected at a back gap. Currents are conducted through the
coil layer, which produce magnetic fields in the pole pieces.
The magnetic fields fringe across the gap at the ABS for the
purpose of writing bits of magnetic field information in tracks
on moving media, such as in circular tracks on a rotating
magnetic disk.

The second pole piece layer has a pole tip portion which
extends from the ABS to a flare point and a yoke portion
which extends from the flare point to the back gap. The flare
point 1s where the second pole piece begins to widen (tlare) to
form the yoke. The placement of the flare point directly
alfects the magnitude of the magnetic field produced to write
information on the recording medium.

FIG. 2A 1llustrates, schematically, a conventional record-
ing medium such as used with magnetic disc recording sys-
tems, such as that shown in FIG. 1. This medium 1s utilized for
recording magnetic impulses in or parallel to the plane of the
medium 1tself. The recording medium, a recording disc in this
instance, comprises basically a supporting substrate 200 of a
suitable non-magnetic material such as glass, with an overly-
ing coating 202 of a suitable and conventional magnetic layer.

FIG. 2B shows the operative relationship between a con-
ventional recording/playback head 204, which may prefer-
ably be a thin film head, and a conventional recording
medium, such as that of FIG. 2A.

FIG. 2C illustrates, schematically, the orientation of mag-
netic impulses substantially perpendicular to the surface of a
recording medium as used with magnetic disc recording sys-
tems, such as that shown in FIG. 1. For such perpendicular
recording the medium may or may not include an under layer
212 of a material having a high magnetic permeability.
Regardless, the medium includes an overlying coating 214 of
magnetic material preferably having a high coercivity.

FIGS. 23A and 23B 1illustrate a head usable for TAR,
according to one embodiment. Note that the numbering of
FIGS. 23A and 23B correlate only to this paragraph. FIG.
23 A 1s partial, cross section view 2300 of a thin film perpen-
dicular write head design incorporating a ridge (or “C”) aper-
ture near field optical source and integrated heatsink, 1n accor-
dance with an embodiment of the present invention. In order
to simplify and clarify the structures presented, spacing lay-
ers, insulating layers, and write coil layers have been omitted.
The write head comprises lower return pole layer 2302, back-
gap layer(s) 2304, upper return pole layer 2306, upper pole tip
layer 2308. Lower return pole layer 2302 may also have a
lower pole tip (not shown) at the ABS. Layer 2310 1s an
optical waveguide. Cladding layers, 1f present, are excluded
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from the figure for clarity. Layer 2310 extends through at least
a portion of back-gap layers 2304. Detail 2301 1s shown 1n an
expanded view 1n FIG. 23B. Coil layers (not shown) and
various associated insulating and spacer layers (not shown)
may reside within layers 2312, bounded by the ABS, back-
gap 2304, lower return pole 2302, and upper bounding layers
2306, and 2308 as would be recognized by those of skill 1n the
art. In some embodiments, the coil wraps around the upper
return pole layer 2306. For example, 1n the cross sectional
view of FIG. 23 A, the coi1l would appear in layer 2312 and in
a layer overlying the upper return pole 2306. In another
embodiment, the coil may wrap around the lower return pole
layer 2302. Layers 2302,2304, 2306, and 2308 are comprised
ol a suitable magnetic alloy or matenal, containing Co, Ni,
and Fe. Layer 2310 1s comprised of a suitable light transmiut-
ting material, preferably tantalum pentoxide and/or titanium
dioxide. FIG. 23B 1s a partial cross section expanded view of
detail 2301 1n FIG. 23 A, 1n accordance with an embodiment
of the present invention. Pole lip 2316 1s magnetically
coupled to upper pole tip layer 2308, and to optional magnetic
step layer 2314 (not shown). Optically transparent layer 2318
(contained within the boundaries of the ridge aperture), ridge
metal layer 2322, surrounding metal layer 2320, and pole lip
2316 comprise the near field aperture optical source, which 1s
supplied light energy via optical waveguide 2310. Pole lip
2316 and optional magnetic step layer 2314 are comprised of
a suitable magnetic alloy, containing Co, Fe, and Ni1. Metal
layer 2320 and ridge layer 2322 are made of Au or Au alloys.
It will be recognized by those skilled 1n the art however, that
other geometries of near field light generating apertures may
also be used, such as those having more than one ridge gen-
crating both single and/or multiple near field light patterns,
such as those described 1n US Patent Application No. 2008/
0149809 by Hamann et al. which 1s incorporated by refer-
ence.

FIG. 2D illustrates the operative relationship between a
perpendicular head 218 and a recording medium. The record-
ing medium 1illustrated 1n FIG. 2D includes both the high
permeability under layer 212 and the overlying coating 214 of
magnetic material described with respect to FIG. 2C above.
However, some TAR media does not have an under layer.

In this structure, the magnetic lines of flux extending
between the poles of the perpendicular head 218 loop mto and
out of the overlying Coatmg 214 of the recording medium of
the recording medium causing the lines of flux to pass through
the overlying coating 214 1n a direction generally perpendicu-
lar to the surface of the medium to record imnformation in the
overlying coating 214 of magnetic material in the form of
magnetic impulses having their axes of magnetization sub-
stantially perpendicular to the surface of the medium. The
flux 1s channeled back to the return layer (P1) of the head 218.

FI1G. 2E illustrates a similar structure in which the substrate
216 carries the layer(s) 212 (optional) and 214 on each of 1ts
two opposed sides, with suitable recording heads 218 posi-
tioned adjacent the outer surface of the magnetic coating 214
on each side of the medium, allowing for recording on each
side of the medium.

FIG. 3A 1s a cross-sectional view of a perpendicular mag-
netic head. In FIG. 3A, helical coils 310 and 312 are used to
create magnetic flux in the stitch pole 308, which then deliv-
ers that flux to the main pole 306. Coils 310 indicate coils
extending out from the page, while coils 312 indicate coils
extending into the page. Stitch pole 308 may be recessed from
the ABS 318. Insulation 316 surrounds the coils and may
provide support for some of the elements. The direction of the
media travel, as idicated by the arrow to the right of the
structure, moves the media past the lower return pole 314 first,
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then past the stitch pole 308, main pole 306, trailing shield
304 which may be connected to the wrap around shield (not
shown), and finally past the upper return pole 302. Each of
these components may have a portion 1in contact with the ABS
318. The ABS 318 i1s indicated across the right side of the
structure.

Perpendicular writing 1s achieved by forcing flux through
the stitch pole 308 into the main pole 306 and then to the
surface of the disk positioned towards the ABS 318.

FIG. 3B illustrates a piggyback magnetic head having
similar features to the head of FIG. 3A. Two shields 304, 314
flank the stitch pole 308 and main pole 306. Also sensor
shuelds 322, 324 are shown. The sensor 326 1s typically posi-
tioned between the sensor shields 322, 324.

FIG. 4A 1s a schematic diagram of one embodiment which
uses looped coils 410, sometimes referred to as a pancake
configuration, to provide flux to the stitch pole 408. The stitch
pole then provides this flux to the main pole 406. In this
orientation, the lower return pole 1s optional. Insulation 416
surrounds the coils 410, and may provide support for the
stitch pole 408 and main pole 406. The stitch pole may be
recessed from the ABS 418. The direction of the media travel,
as 1indicated by the arrow to the right of the structure, moves
the media past the stitch pole 408, main pole 406, trailing
shield 404 which may be connected to the wrap around shield
(not shown), and finally past the upper return pole 402 (all of
which may or may not have a portion in contact with the ABS
418). The ABS 418 1s indicated across the right side of the
structure. The trailing shield 404 may be 1n contact with the
main pole 406 1n some embodiments.

FIG. 4B 1illustrates another type of piggyback magnetic
head having similar features to the head of FIG. 4 A including
a looped coil 410, which wraps around to form a pancake coail.
Also, sensor shields 422, 424 are shown. The sensor 426 1s
typically positioned between the sensor shields 422, 424.

In FIGS. 3B and 4B, an optional heater 1s shown near the
non-ABS side of the magnetic head. A heater (Heater) may
also be included 1n the magnetic heads shown 1in FIGS. 3A
and 4A. The position of this heater may vary based on design
parameters such as where the protrusion 1s desired, coetfi-
cients of thermal expansion of the surrounding layers, etc.

Referring to FIG. 5, there 1s shown an illustrative system
500 having a laser 501 mounted to a substrate 502. Note that
this system 1s presented by way of example only and should
not be deemed limiting 1n any way.

In various embodiments, the laser may be any suitable type
of laser, such as a VCSEL, EC-VCSEL, etc. The substrate
may be any type ol device, such as an electronic device, waler,
etc.

An EC-VCSEL 1s particularly preferred for a variety of
reasons. For example, the beam waist of an EC-VCSEL 1s
larger than other types of lasers, and therefore allows relax-
ation of laser alignment tolerances. This 1s expected to gen-
crate a large cost savings. It 1s also believed that integration of
an EC-VCSEL with a slider may be easier than other
approaches. Moreover, EC-VCSELS are expected to provide
suitable reliability 1n spite of the demands placed thereonin a
HDD environment.

In the illustrative system depicted in FIG. 5, a monolithic
extended cavity VCSEL 501 1s mounted to a substrate. The
EC-VCSEL has both electrical contacts 504, 506 on the same
side 508 of the device. Thermal heat- smkmg 1s provided by
the substrate. Furthermore, optical power 1s directed toward
the substrate, 1n the direction indicated by arrow 310.

In the embodiment shown 1n FIG. 5, the top mirror 312 has
a high retlectivity and does not include electrical contacts.
This means, 1n some embodiments, that the substrate (e.g.,
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(GaAs or other material known 1n the art) on which the laser 1s
made does not have to be doped. This can allow for better
transparency for the circulating optical power (GaAs 1s trans-
parent for wavelengths longer than about 920 nm, but doping
can reduce this transparency). The bottom mirror 514 is par-
tially retlecting to allow for optical output directed down 1nto
the mount. Both n and p contacts are made with the mount
which facilitates the routing of the electrical connections
within the mount. The e.g., solder contacts provide mechani-
cal, electrical, and thermal connections. The optical integra-
tion can be improved by directing the laser output into the
mount because the mount may include optical elements for
optical routing for a variety of applications. For example, the
mount 1tself can be a slider for a hard disk drive. The mount
can 1nclude a grating coupler 516 to couple light 1nto a thin
film waveguide of a type known 1n the art, which may be
coupled to the shider (including being formed thereon or
integrally formed therein). The waveguide may then direct
the light to another element coupled to the slider, such as a
near field transducer, e.g., a plasmonic antenna used for ther-

mally assisted magnetic recording. Illustrative plasmonic
antennas and devices implementing the same are disclosed 1n

U.S. patent application Ser. Nos. 12/347,084, 12/347,134,
and 12/347,194, all of which were filed Dec. 31, 2008 and are
incorporated herein by reference.

The contacts 504, 506 may be formed of any suitable
material known 1n the art. Illustrative materials include cop-
per, gold, aluminum, etc. When the contacts are oriented on
the same side of the laser as the light output, the contacts are
preferably oriented to allow the light to be emitted there-
through or therebetween. The contacts may have any desired
shape, as discussed 1n more detail below.

Various embodiments also provide surprising and unex-
pected results. One expected disadvantage of this geometry
was the need for a hole in the bottom contact directly under
the active region so that light can be directed through this
hole. This hole reduces the heat-sinking of the heat generated
by the active region and was expected to result 1n a higher
active region temperature, which in turn was expected to
reduce the performance of the laser. However, the inventors
have surprisingly and unexpectedly found through thermal
modeling that the temperature 1s only about 10% higher for
the case of a hole 1n the contact compared to the case without
a hole. Actual implementations are expected to exhibit a less
than about 13% higher, preferably less than about 10%
higher, and 1n some approaches less than about 8% higher
average temperature 1n the active region of the device as
compared to a device not having the hole 1n the bottom. This
1s a surprising, unexpected, and non-obvious result. Referring
to FIGS. 6 A-D, the modeling includes a mount 602 that 1s a
slider flying over a disk and assumes 150 mW power dissi-
pation 1n the active region. As shown 1n 6 A, the laser light 601
1s emitted from the same side of the laser 604 as the contacts
606. Referring to FI1G. 6B, which shows the modeling of the
aforementioned system having the laser of FIG. 6A, the
resulting temperature at the interface 603 of the laser and the
slider was 77.7° C. above ambient temperature, with the laser
itsell being 33.2° C. above ambient temperature. These tem-
peratures are only slightly higher than in the corresponding
position on the comparative example shown 1in FIGS. 6C and
6D, where the laser light 605 was, emitted from the end of the
laser opposite the contacts. The mventors had expected at
least a factor of 2 or more increase in temperature at the
laser-slider interface over the comparative example.

Thermal modeling has also shown that the temperature of
the transducers (reader and/or writer) 1s not significantly
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increased by coupling of the laser to the trailing end of the
slider, and thus close to the transducers.

In one particularly preferred embodiment, a monolithic
extended cavity VCSEL 1s mounted directly to the trailing
surface of a slider for thermally assisted recording light deliv-
ery. The EC-VCSEL 1s mounted without a sub-mount/carrier/
optoelectronic substrate. The EC-VCSEL 1s made monolithi-
cally starting with, e¢.g., a GaAs water. The laser 1s designed
so that all electrical contacts made to mating contacts on the
slider deposited end. The contacts provide electrical,
mechanical, and thermal connections. The contacts can be
made, e.g., by low temperature solder. Other types of lasers

known 1n the art may also be directly mounted to the shider.
Referring to FIG. 7, a monolithic EC-VCSEL 702 1s

mounted to the trailing end of a shider 704 for thermally
assisted recording light delivery. The trailing end of the slider
1s typically the end on which the thin films that form the
transducers are located. The EC-VCSEL 1n this embodiment

1s mounted without a sub-mount/carrier/optoelectronic sub-
strate. This may be a three mirror VCSEL where the third
mirror 1s on the backside of the wafer. This means that the
thickness of the semiconductor water (such as GaAs based
material) forms an external cavity for the VCSEL. The exter-
nal cavity allows for much higher single mode power than can
be reached with a typical VCSEL without the external cavity
and third mirror. The EC-VCSEL 1s made monolithically
starting with a GaAs water. The laser 1s designed so that all
clectrical contacts are made to mating contacts on the slider
deposited end. The contacts provide electrical, mechanical,
and thermal connections.

In one approach, as exemplified 1n FIG. 7, the contacts can
be made by low temperature solder 710 using, e.g., the flip
chip method. Other types of lasers may also be directly
mounted to the slider. The dimensions of the laser may be any
desired size. The beam waist of the VECSEL 1s preferably
between about 10 microns (um) and about 50 um. The wave-
length may be any suitable wavelength. The output power
may be between about 10 milliwatt (mW) and about 100 mW.
Of course, as 1n any embodiment presented herein, the dimen-
sions and ranges are illustrative only, and various implemen-
tations may use higher and/or lower values than those pre-
sented herein.

The light 1s coupled 1nto a grating coupler 706 of a type
known 1n the art, such as that described in reference G. Roelk-
ens, D. Vermeulen, D. Van Thourhout, R. Baets, S. Brision, P.
Lyan, P. Gautier, and J. M. F” ed’ eli, “High efficiency dii-
fractive grating couplers for interfacing a single mode optical
fiber with a nanophotonic silicon-on mnsulator waveguide cir-
cuit,” Appl. Phys. Lett. 92, 131101 (2008). The grating cou-
pler may be straight or curved and may be designed for high
elficiency and 1s preferably matched to the beam size from the
EC-VCSEL. The size of the grating and beam may allow for
casy alignment—ifor example about a 5 um alignment toler-
ance 1s possible in some embodiments. The size of the grating
and beam s1ze may also be designed for sufficient bandwidth
to accommodate the laser wavelength variation over the oper-
ating temperature range mnside an HDD environment. In gen-
eral, the larger the grating used, the narrower the bandwidth of
the laser that should be used. Conversely, the smaller the
grating, the higher the bandwidth of the laser should be used.
Thus, by tuning the grating and/or the laser cavity length, the
optimum result can be obtained. The polarization of the light
from the laser 1s preferably perpendicular to the disk. The
grating coupler delivers light via a thin film waveguide 712 to
a near field transducer 708 such as an E-antenna at the air
bearing surface.
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The contacts for the laser may have any desired shape. In
one approach, the contacts may be nested, and potentially
concentric. See, e.g., FIG. 6A. FIG. 8 illustrates one design
for the laser contacts 802, 804 separated by an insulator 805,
and an aperture 806 through which the laser light 1s emitted.
In other approaches, the contacts may have annular and/or
arcuate sections, may be interleaved about the aperture, etc.
One or more generally annular contacts are preferred, and are
believed to keep the temperature profile inside the laser axi-
ally symmetrical.

FI1G. 9 illustrates an embodiment 1n which a laser 902 1s
mounted to the trailing end of a slider 904. The slider 1s
coupled to an arm or gimbal 906 of a type known 1n the art.
Electrical routing may be integrated 1n the laser.

FI1G. 10 illustrates an embodiment 1n which the laser 902 1s
mounted to a submount 903 (e.g., interposer) on the slider
904. The slider 1s coupled to an arm or gimbal 906 of a type
known 1n the art. The submount may include electrical rout-
ing, e.g., leads and pads of known construction, to effectively
extend the laser-related pads of the slider out to a surface of
the submount adjacent the contacts of the laser, thereby cou-
pling the pads of the slider to the contacts of the laser. In an
alternate embodiment, the laser may be encapsulated on at
least one side thereof 1n an encapsulant known 1n the art, such
as alumina, a polymer, etc. A mounted or encapsulated
VCSEL 1s referred to herein as an integrated VCSEL.

Other mounting approaches contemplated, and usable in
various embodiments, include side mounting, where the laser
1s mounted to one side or the other of the slider; top mounting;
front mounting. However, each of these approaches presented
complications that made such mounting undesirable or
impossible, though not foreclosed. Top mounting, while still
a candidate for implementation, would have interfered with
coupling of the head to the gimbal. Side mounting was found
to cause adverse head behavior upon occurrence of an op-
shock event, which 1s a shock event that occurs during HDID
operation, as discussed 1n more detail below.

Mounting to the trailing edge was mitially expected to
cause problems during op-shock events, especially because
of the added weight at the trailing end of the slider. However,
the mventors surprisingly and unexpectedly found that op-
shock performance 1s actually improved relative to the con-
ventional slider configuration without the laser and also rela-
tive to a top mounted shider. Without wishing to be bound by
any theory, it 1s believed that the laser mass reduces the
fly-height excursion and pitch change during the Op- -shock
event. To demonstrate the unpredictably beneficial effect of
the new mass distribution of the combined slider-laser unit,
simulations of the mechanics of the trailing-side mounted
EC-VCSEL during an op-shock event during HDD operation
were generated. The results are found 1n FIGS. 11-13. The
VECSEL and mtegrated VECSEL were simulated as being,
mounted to the trailing edge of the slider, e.g., as 1n FIGS. 9
and 10. Referning to FIG. 11, the gramload change was about
the same for all laser positions, with the exception of the
VCSEL integrated, which has a larger mass due to the encap-
sulant. Referring to FIG. 12, the pitch moment 1s surprisingly
and dramatically improved in the case of a VCSEL or 1inte-
grated VCSEL. The pitch moment offsets the effect of the
op-shock event. Moreover, addition of the laser surprisingly
and unpredictably allowed the system to handle an op-shock
better than the slider without the laser. Referring to FIG. 13,
it 1s seen that the side mounted laser creates a large roll
moment, which results in an undesirable “roll” torque on the

head.
FIGS. 14A-135B depicts what happens to the fly height of a

bare slider and sliders with lasers attached as noted in each
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FIG. The line opening upward 1n each graph 1illustrates the 2
ms G force applied 1n the modeling used to generate the

charts. As shown in FIGS. 14A and 14B, the VECSEL (EC-
VCSEL) and integrated VECSEL (EC-VCSEL) have signifi-
cantly reduced motion 1n height and pitch during the shock

than the case without laser. The models with the laser
mounted to a side of the slider (side mount) (FIGS. 15A and

15B) has head-disk contact at 650 G due to large pitch/roll
angles during the shock, which may be a concern.

Another anticipated concern with embodiments 1n which
the laser 1s coupled to the trailing end of the slider was that 1t
was expected that the laser could become delaminated during
an op-shock event due to 1ts position and length. However, the
inventors surprisingly found through modeling that the joint
stress at the laser-slider interface during a shock event 1s far
below the breakage limit of a typical solder, e.g., >25-50
MPa, so de-lamination 1s now not expected to occur. Model-
ing results of the stresses encountered by the system upon
application of a 1000 G shock revealed that the maximum
stress was only about 0.7 MPa.

An example of a GaAs piece 1600 with specified dimen-
s1ons ol an EC-VCSEL coupled to a slider 1602 1s shown 1n
FIG. 16. FIG. 17 1s a detailed view of the connection joint
1604, where the piece 1600 was attached to a slider using
solder paste. For mass production 1t may be desirable to use
solder retlow by general heating.

The boding pad geometries at the surface of the slider 1800
and below the surface of the slider are shown 1n FIGS. 18 and
19, respectively. The surface geometry 1s generally annular to
mate with the preferably annular contacts on the EC-VCSEL.
However, as shown, the inner conductor 1802 1s routed below
the slider surface to a pad 1804 which can be accessed by the
suspension (or other) traces for conventional coupling, e.g.,
using solder techniques known 1n the art. The outer conductor
1806 may also be routed to an accessible pad 1808. The
surface area of the pads may be increased by extending them
outward near or in the slider, even extending them under the
other pads on the trailing edge. This has the effect of maxi-
mizing thermal conduction from the laser to the slider. For
example, 11 the dimensions of the conductors 1802, 1806 are
increased by 2x relative to the exposed end, the cross-sec-
tional surface area 1s increased by 4x, resulting 1n greatly
improved thermal conduction.

Also shown 1n FIGS. 18 and 19 are pads 1810 for other
devices 1n the slider, such as readers (R), writers (W), thermal
fly height control (TFC), electrical contact sensor (ECS), etc.

Preferably, any intervening layer between the conductors
1802, 1806 and the slider body 1s very thin to promote heat
transier. For example, 11 alumina 1s used to separate copper
conductors from an AI'T1C substrate, the alumina 1s preferably
less than about 1 micron thick. Ideally, about the thinnest
underlayer that still provides any desired electrical 1solation 1s
used.

In embodiments needing a very small pad pitch for con-
nection to the suspension leads, the contact pads may be
routed to the top of the slider, e.g., by exposing them by water
dicing process followed by lapping process, which are stan-
dard slider fabrication steps, or by performing additional
bonding pad patterning process on the slider top surface, eftc.
The suspension traces may then be contacted to the top of the
slider where more area 1s available for the contacts. This
concept 1s shown in FIG. 20, which shows a top view of the
slider and trailing side cross sectional view of the slider. The
clements are numbered as 1n FIG. 18.

While various embodiments have been described above, it
should be understood that they have been presented by way of
example only, and not limitation. Thus, the breadth and scope
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of an embodiment of the present invention should not be
limited by any of the above-described exemplary embodi-
ments, but should be defined only in accordance with the

following claims and their equivalents.

What is claimed 1s:

1. A system, comprising:

a slider configured for use 1n a hard disk drive, the slider
having electrical contacts on a trailing surface thereof;
and

a laser having a slider-facing surface that includes electri-
cal contacts, the electrical contacts of the laser mating
with the electrical contacts on the trailing surface of the
slider,

wherein the electrical contacts of the laser include a first
electrical contact and a second electrical contact,

wherein light from the laser 1s emitted towards the shider
through an aperture of the laser that 1s at least partially
encircled by at least one of the first electrical contact and
the second electrical contact on the slider-facing surface
of the laser,

wherein the slider acts as a heat sink for the laser.

2. The system as recited in claim 1, wherein the laser 1s a
vertical cavity surface emitting laser (VCSEL), and wherein
the laser 1s positioned entirely externally to the slider.

3. The system as recited 1in claim 1, wherein the laser has a
reflecting mirror positioned away from the slider and a par-
tially reflecting output mirror positioned towards the slider.

4. The system as recited 1n claim 1, further comprising a
thin film waveguide coupled to the shider for directing the
light from the laser to an element coupled to the slider.

5. The system as recited 1n claim 4, wherein the element 1s
a plasmonic antenna, wherein at least some contact pads on
the slider extend at least partially along the trailing surface
thereol and a top thereoi, wherein the at least some of the
contact pads are coupled to conductors extending along a
suUspension.

6. The system as recited 1n claim 1, wherein the laser 1s
coupled to the trailing surface of the slider, and the aperture of
the laser 1s completely encircled by the at least one of the first
clectrical contact and the second electrical contact on the
slider-facing surface of the laser.

7. The system as recited in claim 1, wherein the laser 1s
coupled to the trailing surface of the slider, the laser being
mounted to a submount coupled to the trailing surface of the
slider, wherein the submount includes electrical routing to
couple laser-related pads of the slider to the electrical contacts
of the laser.

8. The system as recited in claim 1, wherein at least some
contact pads on the slider extend at least partially along the
trailing surface thereof and a top thereof, wherein the at least
some of the contact pads are coupled to conductors extending
along a suspension.

9. The system as recited 1n claim 1, further comprising,

a magnetic head coupled to the slider;

a magnetic medium;

a drive mechanism for passing the magnetic medium over

the magnetic head; and
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a controller electrically coupled to the magnetic head for

controlling operation of the magnetic head.

10. The system as recited in claim 9, wherein a polarization
of the light from the laser 1s perpendicular to the magnetic
medium.

11. The system as recited in claim 1, wherein the laser 1s

one of a vertical cavity surface emitting laser (VCSEL) or an
extended cavity VCSEL (EC-VCSEL).

12. The system as recited 1n claim 1, wherein a substrate of
the laser 1s not doped.

13. The system as recited in claim 1, further comprising a
plasmonic antenna for heating a magnetic medium.

14. The system as recited in claim 1, wherein at least one of
the first electrical contact and the second electrical contact on
the slider-facing surface of the laser 1s generally annular.

15. The system as recited in claim 14, wherein the first
clectrical contact and the second electrical contact on the
slider-facing surtace of the laser are nested such that the first
clectrical contact 1s generally concentric around the aperture
of the laser, and the second electrical contact 1s generally
concentric around the first electrical contact.

16. The system as recited 1n claim 1, wherein the laser 1s
coupled to the trailing surface of the slider, the laser being
encapsulated.

17. The system as recited 1in claim 15, wherein the aperture
of the laser 1s a hole 1n the first contact of the laser.

18. The system as recited in claim 15, wherein the electrical
contacts on the trailing surface of the slider include a third
electrical contact and a fourth electrical contact, wherein the
third electrical contact and the fourth electrical contact on the
trailing surface of the shider are nested such that the fourth
clectrical contact 1s generally concentric around the third
electrical contact, wherein the first electrical contact of the
laser mates with the third electrical contact on the trailing
surface of the slider, and the second electrical contact of the
laser mates with the fourth electrical contact on the trailing
surface of the slider.

19. The system as recited 1n claim 4, wherein the element
includes a near field aperture optical source, and the thin film
waveguide interfaces with the near field aperture optical
source such that the thin film waveguide provides light energy
to the near field aperture optical source, wherein the near field
aperture optical source 1s defined by, at least 1n part, a ridge
metal layer and a pole lip, and wherein the thin film
waveguide 1s located between a lower return pole layer and an
upper return pole layer of a write head.

20. The system as recited 1n claim 19, wherein a first
portion of the thin film waveguide 1s proximal to the interface
with the near field aperture optical source, and a second
portion of the thin film waveguide 1s distal from the interface
with the near field aperture optical source, wherein the second
portion of the thin film waveguide 1s located within back-gap
layers.

21. The system as recited 1n claim 20, wherein the pole lip
1s magnetically coupled to an upper pole tip layer that i1s
coupled to the upper return pole layer, and comprising a coil
that wraps around the upper return pole layer.
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